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Abstract/Synopsis Co-existence of superconductivity and magnetism in Rutheno-cuprates, non-oxide perovskite MgCNi3 and FeSe/Te systems Superconductivity (SC) and ferromagnetism (FM) are two antagonistic states of matter that tend to avoid each other. The mutual interference of these two states below their respective ordering temperatures, superconducting transition temperature (Tc) and magnetic ordering temperature (Tm), and the conditions under which they may co-exist is a matter of fundamental interest. Basically, two different types of superconductivity occur: one is singlet and other is triplet. In the more common and well known singlet superconductivity, the electrons form the cooper pairs, in which the electrons have opposite spin momentum, while in triplet superconductivity the two spins are parallel. In 1959 [Anderson et al Phys. Rev. 116, 898], it was proposed that co-existence of superconductivity and weak ferromagnetism can occur, and the ferromagnetic state can adjust itself, while there is no effect on the superconductivity. This work is planned, in order to resolve the complexity of the co-existence of superconductivity and weak ferromagnetism in rutheno-cuprates, MgCNi3 and Fe-based chalcogenides superconductors. The objective of this research work is to study the exact nature of magnetism and its co-existence with superconductivity in a single thermodynamic frame. Detailed magnetic characterization of weak ferromagnetism and co-existing superconductivity of various rutheno-cuprates including (Gd,Eu,Y)/Ru-1222, YRu-1212, MgCNi3 and FeSe/Te is studied on number of samples and is been put in different chapters of the thesis. It is concluded that weak ferromagnetism adjusts itself in such a way that the same could co-exist with superconductivity at lower temperatures below the magnetic ordering temperature. The thesis opens up a possible fresh scenario to look for search of new superconductors in close vicinity of magnetic order or even co-existing with the same. The present thesis is divided in to eight chapters. Chapter 1 gives brief review of the fundamentals of magnetism and superconductivity in a general way. The chapter also deals with the existing literature review on rutheno-cuprates, non-oxide perovskite MgCNi3 and Fe-based chalcogenides superconductors. Chapter 2 describes the general experimental techniques employed for the synthesis, structural determination, electrical/thermal transport and detailed magnetization (DC/AC) measurements on the samples. In chapter 3 synthesis of parent bulk RuSr2Eu1.4Ce0.6Cu2O10-δ (EuRu-1222) and their structural, transport, and magnetic measurements have been presented. Further, substitutions like Cr and Mn ion at Ru site in EuRu-1222 were also done to study the effect of doping on the superconducting and magnetic properties of the pristine system EuRu-1222. Chapter 4 deals with the detailed study of spin-glass (SG) and cluster ferromagnetism (FM) in RuSr2Eu1.4Ce0.6Cu2O10-δ (EuRu-1222) magneto-superconductor. In chapter 5, the complex magnetism of RuSr2Gd1.4Ce0.6Cu2O10-δ (GdRu-1222) is studied through detailed DC and AC magnetization (frequency and field dependence) and heat capacity measurements. A frequency dependent cusp is observed in AC susceptibility (χac) vs. T measurements, indicating the presence of spin-glass (SG) state. The thermoremnant magnetization (TRM) studies being carried out below spin-glass (SG) state confirmed the presence of spin-glass (SG) state. Chapter 6 deals with the magnetic and thermal behavior of Ru0.9Sr2YCu2.1O7.9 (YRu-1212) and complex magnetism of RuSr2Y1.5Ce0.5Cu2O10 (YRu-1222) magneto-superconductors. Both of these samples are synthesized at National Institute of Materials Science (NIMS), Japan through High Pressure (6 GPa) and High Temperature (1400oC) (HPHT) technique. In chapter 7, synthesis, structural, magnetic and specific heat properties of non-oxide perovskite pure and Boron (10B) doped MgCNi3 superconductor are presented and discussed in detail. In chapter 8, detailed structural, thermal and magnetic properties characterization of Fe-based chalcogenides pure and 3d metal doped FeSe0.5Te0.5 superconductor is presented. Detailed analysis of magnetization studies being presented in the thesis on various rutheno-cuprates had clearly demonstrated that ferromagnetic (FM) clusters are present in these superconductors. Further, two more very recent examples of superconducting ferromagnets are put together in this thesis i.e., MgCNi3 and FeSe0.5Te0.5. Certainly the thesis will invoke the scientific community to accept and find possible theoretical explanations for the co-existing ferromagnetism and superconductivity. 


